Abstract.-The subdivision of all the experimental days of the Whitetop project into two approximately equal groups, group W with predominantly westerly winds aloft and group E with frequent easterly winds, shows a remarkable difference in the apparent effect of seeding. On W days there was no detectable effect of seeding on rainfall. On E days with seeding, the average 24 hour precipitation in an area of about 100,000 square miles was significantly less than that without seeding by 46 per cent of the latter. The decrease resulted from a "decapitation" of the usual afternoon rise in rainfall. It may be significant that the afternoon maximum of natural precipitation on E days occurs some two hours later than on W days. If the actual cause of the differences in rainfall was seeding, then the loss of water resulting from operational, rather than experimental, seeding would have averaged eight million acre-feet per summer.
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Introduction.-Strong indications were found' that cloud seeding in the rain stimulation Whitetop project (five summers, 1960-1964, with 198 experimental days) may have decreased the 24-hour rainfall over an area of approximately 100,000 square miles. The estimated average decrease was 20 per cent, at a significance probability of 0.13. The present study was undertaken with the idea that the totality of experimental days may be a mixture of several types, perhaps some with positive effects and some with negative effects of seeding. If this is the case, then appropriate stratification of the experimental days could lead to the identification of categories with different effects of seeding and thereby contribute to the understanding of the complex phenomena in the clouds.
The three stratifications reported below (labeled (i), (ii) and (iii)) have the same base: the degree of conformity of the wind directions during the day with the 8 a.m. wind direction that formed part of the objective rule used in the selection of experimental days. As described by Braham,2 the director of the Whitetop project, the relevant rule (selection rule, for short) required that the wind direction at 4000 feet at 8 a.m. over West Plains, Missouri be between 170 and 3400, inclusive. In the following discussion, such winds are called Braham winds. The wind direction may change during the experimental day, or, indeed, may be different at different levels. The three stratifications performed are based on wind patterns from the time of seeding (10 or 11 a.m.) up to midnight at the level of seeding and higher. They differ in two respects: the data on wind patterns aloft and the definition of degree of conformity of these patterns with the selection rule. Because the total number of days is 198, only two nearly equal-sized strata were made in each classification. Hopefully, one stratum is conforming and the other nonconforming with the selection rule.
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Stratification (i) is based on noon and midnight radiosonde data at Columbia, Missouri, and Little Rock, Arkansas, both 150 miles from the target center and about 270 from each other. Stratifications (ii) and (iii) used pibal observations by the Whitetop project personnel at the very center of the target, every two hours from 10 a.m. to midnight. The pibal data were obtained through the courtesy of the Office of Naval Research, the National Science Foundation, Professors R. R. Braham and W. L. Decker.
The purpose of the study is to estimate the effect of seeding on the 24-hour precipitation averaged over the gages in six consecutive regions: A, the inner circle of 30 miles radius centered at the center of the target, and B, C, D, E, and F, five concentric rings each 30 miles wide (see Fig. 1 Stratification (iii), which originated in the course of defining stratification (ii), is based on the distinction of easterly (0-180°inclusive) and westerly (180-360°) winds aloft. The inspection of day-by-day pibal data indicated the existence of two sharply different types of experimental days. One type is characterized by "solid" westerly winds. Days of the other type are marked by prevalence of easterly winds. Also, there was a substantial number of borderline cases. Rightly or wrongly, the impression was gained that an easterly wind observed near the level of seeding and during the seeding period must be more "relevant" than the same wind at a high level above the ground and/or late in the evening. In consequence, all the borderline cases were ordered according to a somewhat complicated scale of "relevance" of easterly winds between seeding level and 12,000 feet. The days with more relevant easterly winds were combined with the group of days with prevalent easterly winds to form the nonconforming stratum labeled E. The remaining experimental days were combined with the days marked by "solid" westerly winds to form the conforming W-stratum.
Results.-The evaluations performed showed no significant effects of seeding on the frequency of days with some rain. Table 1 gives the results referring to precipitation amounts averaged per experimental day, whether dry or wet. The first part of the table refers to days labeled "conforming" with the selection rule and the second to those "nonconforming."
It will be seen that, in spite of the differences in the definitions underlying the three stratifications and in spite of the difference between the two sources of data, the three evaluations give remarkably concordant results. No significant effects of seeding were found for days labeled conforming with the selection rule. Indeed, there is a sprinkling of apparent positive effects of seeding, particularly in region E, but none of them is significant. On the other hand, the apparent effects of seeding on nonconforming days are uniformly negative and, quite frequently, significant. In particular, the evaluations for the entire 100,000 square mile area have significance probabilities 0.03, 0.04 and 0.006, respectively, for the three stratifications. As might have been anticipated, the sharpest stratification appears to be stratification (iii). Here, all the two-tail significance probabilities are well below the conventional 0.05 and, for regions A and F, reach the level of 0.008. There is, then, little room for doubt that the totality of the Whitetop experimental days was a mixture of at least two different types. It is clear also that non-Braham and/or easterly winds are symptoms of the types where seeding has strong negative effects. Therefore, the 20 per cent apparent decrease in the rainfall over the entire area found earlier' must be taken as a real effect of seeding, actually an average of at least two such effects. Figure 2 represents graphically the contents of the columns in Table 1 referring to stratification (iii). Comparison of the two panels is striking: no effect of seeding on W days and a strong negative effect on E days. The alarming feature of the lower panel is that the two curves, one corresponding to natural and the other to seeded precipitation, show no tendency to approach each other. It appears very likely that the negative effect of seeding on the average precipitation does not stop in ring F but continues to persist. How far? Table 2 was compiled to bring out the pairwise relationships between particular stratifications. The first figure in each cell, with plus or minus sign, indicates the percentage of change in the precipitation over the entire area, 100(S-NS)/NS. The second figure, in parentheses, gives the number of relevant days. Thus, for example, among the 192 days to which stratification (i) could be applied, there were 69 of the combined category (Br, Bp). The apparent effect of seeding oil those days was a nine per cent increase ascribable to seeding. Remarkably, all the three combinations of wind patterns, supposed to "conform" with the selec- For example (Br, not-Bp) days indicate a 41 per cent decrease in the rainfall (not significant). These circumstances indicate that, while imperfect, each of the three stratifications does discriminate between days that are favorable and those unfavorable to increasing rainfall by seeding and that each of the conforming categories is inflated. The results of the "triple cross-classification" proved uninteresting.
The details of the three stratifications are given in Table 3 . It is hoped that they will prove helpful in the meteorological analysis leading to the understanding of the phenomena that determine the effects of seeding.
Timing of the effects of seeding.-In a recent paper, the average diurnal variation of hourly precipitation amounts on all the Whitetop experimental days was studied. The precipitation data used were those of the 24 recording gages, predominantly in regions A and B, with a few in C. It was found that, without 
seeding, the hourly precipitation has a very pronounced maximum in the late afternoon. This maximum was not present for days with seeding. Figure 3 presents the same kind of analysis separately for W and for E days. It is seen that the two categories of days present very different patterns of diurnal rainfall variation. In both cases there is a pronounced maximum of natural rainfall in the afternoon. However, while for E days this maximum appears to be cut off by seeding, no such sharp difference between seeded and not-seeded precipitation is apparent for W days.
The afternoon maximum of natural unseeded precipitation on E days occurs about two hours later than on W days, suggesting that the loss of rain on E days may be the manifestation of a phenomenon noticed for Grossversuch III,' namely that seeding of incipient storms tends to decrease the rainfall. On W days, the Whitetop seeding could have been timely or only slightly premature, with no noticeable loss of rain. On the other hand, for E days, the seeding may have been quite premature and could have caused the noted decrease in the rainfall. As of now, only a coincidence is being recorded, but it may be a significant coincidence.
Summary.-The prevalence of significant, and indeed of "highly significant" results in Table 1 leaves little doubt that on the variously defined nonconforming days (but not on others), cloud seeding actually caused a decrease in the rainfall. At the very least, action on this assumption appears fully justified. This implies that the 20 per cent difference in rainfall over the 100,000 square mile area found earlier,1 for all days W and E, must be taken as having been caused by seeding. As to the magnitude of this effect, easy calculations show that, if the seeding were operational rather than experimental, the total loss of rainwater in the same area would have been the unbelievable eight million acre-feet per summer, on area these estimates had to be scaled down to $20 or to $10 per acre-foot, the total loss to the local economy would be impressive. An evolution of views on the possible effects of seeding must be mentioned. Langmuir expected large effects over gigantic areas.8 Later, a general opinion became established that cloud seeding could have only small local effects on precipitation. In consequence, the targets of experiments are very small, perhaps from 1000 to 5000 square miles. The present results, as well as those found earlier9 for Grossversuch III, indicate that, mutatis mutandis, Langmuir's expectations of widespread effects of seeding may have been right. Hopefully, further experiments will clarify the situation. As of now, it is regrettable that most of the experiments in progress are conducted using the crossover design, with continuous seeding alternately over two small subtargets at trivial distances from each other. A glance at Table 1 indicates that seeding over one of these subtargets would influence the precipitation over the other and no evaluation could detect anything more than the difference in the effects which, clearly, might be too small to be detectable. In other words, seeding may have strong effects, positive or negative, without being detectable in a crossover trial. Furthermore, even if a crossover experiment shows a significant effect, the sign of this effect may well be misleading.
In these circumstances, the recent abandonment of the crossover design in the experiment planned by the Bureau of Reclamation10 is a very welcome move. Hopefully, a similar decision will be taken with respect to another important experiment, planned by ESSA.I'
